Abstract. Nitrile gloves are widely used in the medical and automobile field due to its superiority in hypo-allergic component and chemical resistance over natural latex gloves. However, poor elastic recovery of nitrile glove to compressive force also creates an aesthetic issue for customers with high levels of wrinkling after removing from glove box. This paper demonstrates the preliminary study on the varies chemical composition such as crosslinking agents, sulphur and zinc oxide, the accelerator agent added during curing process, and the rubber filler Titanium Dioxide, on the elastic recovery and stress relaxation in nitrile gloves manufacturing. These chemical were studied at different concentration level comparing the high and low level versus the normal production range. Due to the inconsistency in the analysis technique on the surface imaging, the elastic recovery result was unable to be quantified and was not conclusive at this point. The cross linking agents, sulphur and zinc oxide, and the accelerator agent, played a significant role in the mechanical strength of the gloves. Increment of these chemicals result in higher tensile strength, but a reduction in the elasticity of the materials in which causes a lesser elongation at break percentage for the gloves. Both cross-linkers demonstrate different behaviour where higher sulphur content, provide higher stress relaxation (SR%) yet zinc oxide shows otherwise.
Introduction
Nitrile Butadiene Rubber (NBR) gloves, as commonly known as nitrile gloves, generally manufactured from a synthetic polymer that exhibits rubberlike characteristics such as elasticity and tensile strength when vulcanized [1] . With the increased reports of allergic reactions to natural latex products, NBR gloves are now the highly recommended alternative glove material in the health care industry [2, 3] . NBR has excellent oil resistance. However, shows no self-reinforcing effect, as there is no crystallinity, but when used in combination with reinforcing fillers, vulcanises with excellent mechanical properties can be obtained from NBR. Vulcanisation occurs by a chemical agent, such as sulphur or zinc oxide [4] . Studies have shown that both vulcanized nitrile and natural latex gloves are comparable or some shown better physical properties in terms of susceptible to material breakdown, chemical resistance and mechanical behaviour [5, 6] . This makes nitrile e x a m i n a t i o n g l o v e t o m a i n s t a y o p t i o n f o r m e d i c a l u s e .
Physical properties between NBR and NR latex have contrasting difference due to their difference in molecular constituents. Natural latex (NR) rubber generally have superior elasticity, resilience and softness compared to NBR, which in nature has higher stiffness, poor elasticity, poor resilience but better tensile strength [5, 6] . The unique characteristics of NBR is linked to the presence of Acrylonitrile (ACN) monomer in its structure, increase in ACN content increases polarity of NBR molecule and glass transition temperature (Tg) properties. Although NBR gloves possess better mechanical properties compared to NR gloves, the stiffer and less elastic nature of NBR gloves do bring about several issues. Poor elastic recovery from compressive stress in NBR gloves results in forming surface wrinkles when subjected to compressive force when folded. Besides, the low stress relaxation property of NBR gloves makes it less comfortable for the user.
Sulphur (S) is the most common vulcanizing agent used in the rubber industry, where it provides sulphur cross-links between long chain polymer molecules which would determine the produced glove properties. Zinc Oxide (ZnO) act as a vulcanizing activator where it would enhance cross-linking between polymer chains and form ionic cross linkage between polymer molecules. Addition of ZnO enhances vulcanizing efficiency and acts as an activator for sulphur crosslinking. Accelerators are also added into NBR latex as vulcanizing catalyst to greatly increase speed of vulcanisation with process taking a much shorter time while reducing the use of sulphur in the system. Composition of these three chemicals involved in rubber curing would hold a crosslink density of produced rubber and subsequently the mechanical properties of produced glove [7] . Titanium Dioxide (TiO 2 ) acts as a rubber filler which reinforces rubber structure for better mechanical properties. Preliminary study will be conducted to test significance of composition change of each chemical towards stress relaxation and elastic recovery of produced latex film. Three of the four chemicals with most significant effect will be studied for optimization to obtain resultant latex with best stress relaxation and elastic recovery properties.
This project is a collaboration study between Top Glove Sdn Bhd and Taylor's University to address the two stated issues regarding their nitrile glove product line. Customer feedback on the high degree of wrinkling when removed from glove box, which is aesthetically unpleasing as well as causing inconvenience for customers to "open" the gloves up from wrinkled state. The poor stress relaxation of nitrile gloves makes it less comfortable when donned for long periods as nitrile glove would not conform to the user's hand. Therefore, a glove that has higher stress relaxation properties would experience deformation (loss of stress) over time and conform to shape of user's hand giving a better comfort when worn for long durations. This research studies the effect of the vulcanisation chemical agents such as Sulphur, zinc oxide, vulcanising catalyst (accelerator) and titanium dioxide and their composition in the intention to improve the stress relaxation and elastic recovery properties of the product.
Methodology

2.1
Materials and sample preparation
Materials
All compounding chemicals including coagulant mixture, NBR mixture, accelerators (Brand name and chemical mixture non-disclosed due to production confidentiality), industrial grade vulcanizing agent such as sulphur, zinc oxide, and titanium dioxide were provided by production line. Compounding of the chemicals was done according to the composition shown at section 2.1.2 at the laboratory for 24 hours prior to glove samples dipping.
Preparation of latex solution and formulations
Based on the four target chemicals discussed, composition of chemicals was adjusted to extreme highs and lows to test significance of each chemical towards targeted response (stress relaxation and elastic recovery). Table 2 .1 shows the composition of chemicals tested at three levels. Medium level composition represents normal phr values used in nitrile glove production. With this variation, a total of nine batches of latex samples were prepared as shown in Table 2 .2. One kg NBR latex solutions were mixed with the chemicals as shown in Table 2 .2. The solution was constantly stirred at 600 RPM for 24 hours at room temperature to ensure homogenization of the solution, in order to avoid settlement of high density solid particles. (1)
Plate-type glove sample preparation
Coagulant solution was obtained directly from the production and was maintained at 55°C on a hotplate. Lab scale plate-type former was used to prepare the samples. The former was heated up to 60°C ± 2°C, followed by a dipping at the coagulant solution for about 2 minutes and dried at the 120°C for another 2 minutes. The formers were air-cooled to the range of 60 -65°C and were dipped in the latex solution prepared from section 2.1.2 for 15 seconds followed by a 15 minutes drying at 120°C.
Elastic recovery testing
At this moment, there is no developed industrial standardized method of measurement of surface wrinkles available. A preliminary testing was carried out via surface imaging with a simple MATLAB ® (version R2016b) coding on elastic recovery for thin rubber films. A simple test method was carried out via folding the latex samples (uniformly and random crumping as shown in Fig. 1 ) followed by adding a 2.5 kg-weight compression on the samples for 18 hours period. The samples were then scanned through a table top scanner and the image were analysed through the MATLAB ® coding. Surface area selection for wrinkled/folded latex samples were manually adjusted using rectangular box as shown in Fig. 2 . Surface imaging analysis was done on area measured 13 cm from top; where surface below the 13cm line was excluded from analysis. The samples were scanned the moment it was removed from the weighted-compression, and were scanned again at an interval of 10 minutes for recovery. Several manual adjustments were required to ensure no surface area outside of the sample was included in analysis, to avoid creating additional analytical error. Image processing using MATLAB ® results in contrasting of wrinkled surface (white region) and unwrinkled surface (black region) shown in Fig. 2 . Wrinkled surface area (white region) over total selected surface was analysed and displayed as wrinkled percentage (%). Calculation of elastic recovery for 10 minute duration is shown in Equation ( 
Preparation of tensile test piece
All latex test pieces were cut based on ASTM D412 standard as shown in Fig. 3 . Dimensions shown are in units of millimetres (mm). 
Tensile strength test
Dumbbell shaped test samples were gripped on onto clips of the Universal tensile machine (Fig.2) . Standard ASTM D882 tensile test before aging standard was used, with upward tension force of 500mm/min set for all test samples.
Universal tensile machine was used for conducting stress relaxation. Samples were gripped at both ends to clips on the test machine and elongated upwards for a length of 25.414mm. Samples were left in elongated state for 6 minutes. Stress decay of samples throughout 6 minutes with initial stress and final stress values were recorded in test report with calculated Stress recovery (%). Eq. 3 shows the formula of calculation for stress relaxation (%).
where, Fo = Initial stress value at t=0 Ft = Stres value after certain duration, t Table 3 .1 shows the elastic recovery (%) of latex films measured at t = 0 and t = 10 minutes for both standardized and non-standard folding method. Unfortunately, the outcome of this testing were inconclusive due to high experimental errors caused by inconsistency in manual adjustment of the scanned area. Although the calculated recovery % was not able to differentiate elastic recovery in 10 minutes, but the minor differences can be seen through visual judgement based on scanned images as shown in Fig 4. It was observed that there are certain amounts of recovery in wrinkling depth between both samples. The scanned image after t = 10-minute of recovery (right) shows a larger surface area compared to sample image at t = 0-minute due to the minor elastic recovery in wrinkle depth, causing latex sample to slightly "expand" in size as it recovers. Although the samples displayed a higher degree of elastic recovery after a long period of time, but that defeat the purpose as end users desired a fast recovery of the product as soon as it is immediately removed from glove box. There were some limitations in the MATLAB® ® analysis coding, as it was only able to contrast wrinkled (white) and unwrinkled regions (black) as shown in Fig. 2 . The calculation was simulated on estimating the total surface area of wrinkled regions (white) over total selected surface area. But based on visual observation shown in Fig. 4 , regions of wrinkle lines and regions remains largely the same for samples at 0-minute and 10-minute; yet a change in depth of wrinkles was observed. At this moment, the coding created was not able to distinguish the differences at depths, hence creating insignificant results.
Results and Discussion
Elastic Recovery
Besides the coding limitation, huge error due to inconsistency on manual adjustment for selected surface area was observed. The repeatability of the scanning surface selection was questionable, that creates most invalid data in Table 3 .1. Future improvements in coding to automatically fixed or to select area of scanning and improvement in depth analysis will significantly improve this preliminary scanning test method.
3.2
Significance test for stress relaxation and mechanical strength
As a preliminary study to select the most influencing chemicals for production optimization, the vulcanising agents concentration were tested at an extreme condition as shown in Table  2 .1. Table 3 .2 provides the result in stress relaxation (%) for each chemical variation. All data shown for stress relaxation and tensile strength were averaged out between data obtained from 4 test samples of the same composition batch. Table 3 .3 below shows the tensile strength, elongation at break (%) and elastic modulus at 300% elongation data for the same samples. Titanium dioxide (TiO 2 ) that acts as reinforcement filler, has not demonstrated a significant effect in stress relaxation (%).The insignificant difference for high and low samples of TiO 2 in stress relaxation (%) can be backed up by mechanical test data shown in Table 3 .3, which shows the least difference across the board for tensile strength, elongation at break (%) and elastic modulus at 300% elongation. However, the other three vulcanising agents were observed to significantly affect the mechanical behaviour of the product. Mainly as they were directly involved in rubber curing process, that affect the crosslink density of produced latex [8] . Data shown in the Table 3 .3 further proves that a direct influence in crosslink density can affect mechanical strength and overall stiffness of a latex sample.
An additional observation can be made in Table 3 .2, stress relaxation (%) high and low concentration of Zinc Oxide (ZnO) shows an exceptionally higher difference compared to other chemicals, with difference of 13.30% in stress relaxation. This may hint that ionic crosslinking in rubber molecules can significantly impact mechanical properties of produced rubber, in which, suggested that ZnO is the most significant factor involved in enhancing stress relaxation in produced latex. By referring to results in Table 3 .3, elongation at break (%) High and low Zinc Oxide samples show the highest difference of 213.68% between samples from both batches. The same trend is observed with elastic modulus at 300% elongation. High ZnO samples have given a 10x higher elastic modulus comparing to low ZnO samples. This meant that low ZnO samples were exceptionally soft, with much lesser load (N) needed to stretch samples to 300% elongation. A summary between the relationships of mechanical properties is shown in Table 3 .4. Results from preliminary study of significance in effect of chemicals can conclude two major statements: Titanium dioxide (TiO 2 ) was the least significant chemical towards stress relaxation (%). It will be excluded for full factorial design and composition optimization. Zinc Oxide (ZnO) is the most significant factor affecting stress relaxation (%) and overall softness of produced latex.
Conclusion
The preliminary measurement setup for quantifying the glove surface wrinkle has room for improvement, and the current result was inconclusive due to high measurement error on both human and equipment error. The limitation on the analysis coding for detecting surface wrinkle was only able to determine the number of wrinkles / wrinkled regions of selected area but unable to distinguish the depth of surface wrinkles on nitrile latex surface at this moment. Elastic recovery of wrinkled sample had shown recovery in terms of wrinkled depth but little to no recovery from number of wrinkled. Manual selection of analysed surface area also caused huge inconsistency in repeatability of the selected scanned area, resulting in most samples yielding a negative elastic recovery value. Titanium Dioxide (TiO 2 ) showed least significant changes for SR% and mechanical properties between high-low concentrations and between normal formulation samples. Increment in sulphur and accelerator concentration caused an increment in SR%, possibly due to increased sulphur crosslinking in samples. But increment of Zinc Oxide caused decrease in SR% due to ionic crosslinking between rubber molecules. Tensile strength results show an expected outcome with an increment in mechanical strength with higher concentrations of sulphur, accelerator and zinc oxide due to higher density in crosslinking. But enhanced mechanical strength had a resultant effect of decreased elasticity of produced samples, with elongation at break (%) showing decreased value with higher concentrations. Sulphur, accelerator and Zinc Oxide are chosen for full factorial study for chemical composition optimization for next phase of the study.
